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(57) ABSTRACT 

A semiconductor light-emitting device and method for manu 
facturing the semiconductor light-emitting device includes a 
mask layer etching process on first and second mask layers 
provided on a Group-III nitride-based compound semicon 
ductor Substrate, the mask layer with a higher etching rate 
being closer to the p-type semiconductor layer, a semicon 
ductor layer etching process; a side-etching process that 
selectively etches the side of the mask layer with the high 
etching rate to define a groove portion with a portion of the 
p-type semiconductor layer exposed; a ZrO film forming 
process that forms a ZrO2 film So as to cover the exposed 
p-type semiconductor layer; an Al-O film forming process 
that forms an Al-O film so as to cover the ZrO2 film; a mask 
layer removing process; and an electrode layer forming pro 
cess. The method for manufacturing the semiconductor light 
emitting device increases the yield of lift-off with respect to 
the p-type semiconductor layer and can produce a semicon 
ductor light-emitting device with an improved Voltage resis 
tance. 

5 Claims, 13 Drawing Sheets 
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SEMCONDUCTOR LIGHT-EMITTING 
DEVICE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a method for manufactur 

ing a semiconductor light-emitting device equipped with a 
semiconductor light-emitting element and to a semiconduc 
tor light-emitting device. 

2. Description of the Related Art 
Conventionally, a semiconductor light-emitting device 

composed of a Group-III nitride-based compound semicon 
ductor expressed by AlGa, In, N (where, 0sxs 1: 
Osys1:0sx+ys 1) has been manufactured as follows. 

FIG. 7 shows a schematic block diagram of a semiconduc 
tor light-emitting device obtained by a conventional manu 
facturing method. 

In a conventional process of manufacturing a semiconduc 
tor light-emitting device, an SiO film is formed on the top 
surface of p-GaN contact layer 46 of a semiconductor sub 
strate having n-GaN contact layer 41, n-AlGaN clad layer 42. 
n-GaN guide layer 43, InGaN/GaN active layer 44, p-AlGaN 
electronic block layer 55, p-GaN guide layer 56, p-AlGaN 
clad layer 45, and p-GaN contact layer 46 successively 
arranged on a Substrate 40. Thereafter, striped resist patterns 
are formed on the SiO film. 

Next, with the resist patterns used as a mask, the SiO, film 
is etched. Thereafter, the resist patterns are peeled off. With 
the resist pattern of an SiO, film exposed by peeling off the 
resist pattern used as the mask, etching is carried out on the 
p-GaN contact layer 46 and p-AlGaN clad layer 45 as well as 
part of the p-GaN guide layer 56. 

Then, in order to form the subsequent n-type electrode 
layer, then-GaN contact layer 41 is removed by dry etching so 
as to expose a portion of the n-GaN contact layer 41. An 
insulation film 47 is provided to cover the surface of the 
semiconductor layer including the p-AlGaN clad layer 45 and 
the p-GaN contact layer 46 together with the resist pattern of 
the SiO, film. The insulation film 47 may be eithera ZrO film 
or an Al-O film. 

Thereafter, the SiO, film is removed together with the 
insulation film 47 by a hydrofluoric acid treatment. In addi 
tion, the insulation film 47 at the portion where the n-type 
electrode layer is later vapor-deposited is removed by dry 
etching and the n-GaN contact layer 41 is exposed. 

Then, a p-type electrode layer 48 is provided to cover the 
top surface 52 of the p-GaN contact layer 46 exposed by 
removal of the insulation film 47. In addition, an n-type 
electrode layer 49 is provided on the exposed top layer of the 
n-GaN contact layer 41, and the substrate 40 and all of the 
layers are cleaved to obtain a semiconductor light-emitting 
device 500 (for example, see Japanese Unexamined Patent 
publications 2000-312051 and 2003-142769). 

The conventional semiconductor light-emitting device 500 
obtained in this way includes, in a semiconductor light-emit 
ting device composed of a Group-III nitride-based compound 
semiconductor expressed by AlGa, In, N (where,0sxs 1: 
Osys1:0sx+ys 1), substrate 40, n-GaN contact layer 41 as 
an n-type semiconductor layer arranged on the Substrate 40. 
n-AlGaN clad layer 42 and n-GaN guide layer 43. InGaN/ 
GaN active layer 44 as an active layer arranged on the n-GaN 
guide layer 43, p-AlGaN electronic block layer 55 which is 
located on the InGaN/GaN active layer 44 and serves as a 
p-type semiconductor layer with a mesa portion 53 protrud 
ing above the InGaN/GaN active layer 44, p-GaN guide layer 
56, p-A1GaN clad layer 45 and p-GaN contact layer 46, insu 
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2 
lation film 47 that covers the mesa portion 53 so as to expose 
the top surface 52 of the mesa portion 53, p-type electrode 
layer 48 as an electrode layer which covers the mesa portion 
53 from above the insulation film 47 and electrically connects 
to the p-GaN contact layer 46, and an n-type electrode layer 
49 which electrically connects to the n-GaN contact layer 41. 

However, ifa ZrO film is used as the insulation film 47, the 
ZrO film easily comes off because it has poor adhesion with 
respect to Pd/Au serving as the p-type electrode layer. On the 
other hand, if an Al-O film is used as the insulation film 47. 
while the Al-O film provides good adhesion with respect to 
Pd/Au serving as the p-type electrode layer, there exists a 
large difference between the refraction index of Al-O film 
(refraction index: 1.8) and the refraction index of p-GaN 
contact layer 46 (refraction index: 2.5). This excessively 
increases the locked-in effect of the light emitted in the 
InGaN/GaN active layer 44. 

If the locked-in effect of the light is excessively increased, 
light is concentrated in the vicinity of the middle of the mesa 
portion 53. This makes the refraction index even higher in the 
vicinity of the middle of the mesa portion 53, which in turn 
causes generation of an undesirable transverse mode, result 
ing in an unstable kink level. That is, it becomes difficult to 
generate single-transverse-mode oscillation by optimizing 
the design of the width of mesa portion 53 alone. 

Furthermore, although there is a method to make the Al-O 
film sufficiently thinner than the light-emitting wavelength, if 
the Al-O film is toothin, it is unable to keep the film uniform, 
making it impossible to maintain adhesion to Pd/Au. 

Furthermore, because in the conventional method of manu 
facturing a semiconductor light-emitting device, when the 
insulation film 47 is formed, the insulation film 47 completely 
covers the SiO, film and penetration of the etchant into the 
SiO film is blocked. Consequently, the lift-off yield with 
respect to the p-GaN contact layer 46, which is the p-type 
semiconductor layer, is excessively low. 

In addition, because in the semiconductor light-emitting 
device manufactured by a conventional method, the insula 
tion film 47 is provided only on the side surface of the mesa 
portion 53 and the p-type electrode layer 48 shown in FIG. 7 
comes in contact with the entire top surface 52 of the mesa 
portion 53. Consequently, in the event that the semiconductor 
light-emitting device 500 is driven, as shown by the arrows, 
current from the p-type electrode layer 48 is likely to flow to 
the vicinity of the side surface of the mesa portion 53 and an 
electric field is concentrated at the edgeportion 54 of the mesa 
portion 53. The electric field concentration at the edge portion 
54 of the mesa portion 53 may damage the semiconductor 
light-emitting device 500. 

SUMMARY OF THE INVENTION 

In order to overcome the problems described above, pre 
ferred embodiments of the present invention provide a semi 
conductor light-emitting device which minimizes the electric 
field concentration at the edge portion of the mesa portion on 
the p-type semiconductor layer by electric current from the 
p-type electrode layer so as improve Voltage resistance, 
achieve good adhesion between the insulation film and the 
p-type electrode layer, and a stabilized kink level. Further 
more, preferred embodiments of the present invention pro 
vide a method for manufacturing a semiconductor light-emit 
ting device which can increase the lift-offyield with respect to 
the p-type semiconductor layer. 
The inventor of preferred embodiments of the present 

invention has been able to provide a gap in the insulation film 
by providing first and second mask layers wherein the first 
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mask layer closer to the p-type semiconductor layer has a 
higher etching rate. Furthermore, the two layer insulation film 
includes a ZrO2 film and an Al-O film. 

Specifically, the method for manufacturing a semiconduc 
tor light-emitting device according a preferred embodiment 
of the present invention includes a mask-layer forming pro 
cess that forms the first and second mask layers wherein the 
first mask layer closer to a p-type semiconductor layer has a 
higher etching rate, the Group-III nitride-based compound 
semiconductor whose n-type semiconductor layer, active 
layer, and p-type semiconductor layer are arranged in 
sequence on a substrate are expressed as AlGa, In-N 
(where, 0sXs 1,0sys1:0sX+ys 1); a mask layer etching 
process that forms specified resist patterns on the two mask 
layers by etching both mask layers with the resist patterns 
used as mask, and then, peeling the resist patterns from the 
two mask layers; a semiconductor layer etching process that 
etches the p-type semiconductor layer with the resist patterns 
of the two mask layers as a mask; a side-etching process that 
selectively etches the side of the first mask layer having the 
higher etching rate of the two mask layers after the semicon 
ductor layer etching process and that forms a groove portion 
with a portion of the p-type semiconductor layer exposed; a 
ZrO2 film forming process that forms a ZrO2 film So as to 
cover the p-type semiconductor layer exposed in the groove 
portion formed by the side-etching process; an Al-O film 
forming process that forms an Al-O film So as to cover the 
ZrO film formed by the ZrO film forming process; a mask 
layer removing process that removes the remaining two mask 
layers from the p-type semiconductor layer after the Al-O 
film forming process; and an electrode layer forming process 
that forms an electrode layer so as to cover the entire surface 
of the p-type semiconductor layer exposed by the mask layer 
removing process. 
By forming the first and second mask layers wherein the 

first mask layer closer to the p-type semiconductor layer has 
a higher etching rate in the mask layer forming process, it 
becomes possible to form a groove portion on the relevant 
side by selectively etching the side surface of the mask layer 
having a higher etching rate in the side etching process. In the 
ZrO2 film forming process and the Al-O film forming pro 
cess, the groove portion is formed Such that the groove shields 
the ZrO2 film and Al-O film and the ZrO2 film and Al-O film 
only partially enter the groove portion. Consequently, it 
becomes possible to provide a gap in an insulation film so as 
to prevent the ZrO2 film and Al-O film from covering the 
entire surface of the mask layer. Therefore, in the event that 
the two mask layers are removed from the p-type semicon 
ductor layer in the Subsequent process, the two mask layers 
can be removed at the cut line. Consequently, it is possible to 
increase the lift-off yield from the p-type semiconductor 
layer. In addition, by allowing the ZrO2 film and the Al-O 
film to enter the groove portion, the edge portion of the mesa 
portion on the p-type semiconductor layer formed in the 
semiconductor layer etching process is covered by the ZrO. 
film and the Al-O film to minimize concentration of an 
electric field at the relevant bridge portion, and a semicon 
ductor light-emitting device can be manufactured with 
improved Voltage resistance. Furthermore, by forming a two 
layer insulation film with the ZrO film as the lower layer and 
the Al-O film as the upper layer by the ZrO film forming 
process and the Al-O film forming process, adhesion 
between the p-type electrode layer and the insulation film is 
improved by the upper layer Al-O film, and by achieving 
consistency between the refraction index of the ZrO2 film and 
the refraction index of the p-type semiconductor layer by the 
lower-layer ZrO film, locked-in effects of light can be alle 
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4 
viated. As a result, a semiconductor light-emitting device 
having a stabilized kink level can be manufactured. 

In the mask layer forming process of the method for manu 
facturing a semiconductor light-emitting device, it is desir 
able that the etching rate ratio of one layer to the other layer of 
the two mask layers is 5 or more. In addition, it is more 
preferable that the etching rate ratio of one layer to the other 
layer of the two mask layers is 10 or more. 
By setting the etching rate ratio of the two mask layers to 5 

or more, the etching rate in the side etching process of the 
mask layer with the lower etching rate can be decreased to an 
extremely small amount and the depth of the groove portion 
can be adjusted. Consequently, in the ZrO2 film forming pro 
cess and Al-O film forming process, sufficient entry rates of 
the ZrO2 film and the Al-O film can be achieved and the 
effects of minimizing the concentration of an electric field at 
the edge portion of the mesa portion on the p-type semicon 
ductor layer can be increased. 

In addition, it is preferable that in the mask layer forming 
process of the method for manufacturing the semiconductor 
light-emitting device, the mask layer with the higher etching 
rate of the two mask layers is an oxide or nitride formed by 
spin-coating, heat-hardening, ultraviolet-curing after spin 
coating, or laser ablation, and the mask layer with the lower 
etching rate of the two mask layers is an oxide or nitride 
formed by sputtering or plasma enhanced chemical vapor 
deposition. 
By forming the two mask layers by any of the above 

mentioned oxides or nitrides, a sufficient difference can be 
achieved between the etching rates, and the etching rate in the 
side etching process of the mask layer with the lower etching 
rate can be decreased to an extremely small amount and the 
depth of the groove portion can be adjusted in the side etching 
process. Consequently, in the ZrO2 film forming process and 
Al-O film forming process, sufficient entry rates of the ZrO. 
film and the Al-O film can be achieved and the effects of 
minimizing the concentration of an electric field at the edge 
portion of the mesa portion on the p-type semiconductor layer 
can be increased. 

In addition, the layer thickness of the mask layer with the 
higher etching rate is from about 10 nm to about 500 nm in the 
mask layer forming process of the method for manufacturing 
the semiconductor light-emitting device. 
By making the layer thickness of the mask layer with the 

higher etching rate from about 10 nm to about 500 nm in the 
mask layer forming process, it is possible to angle the inner 
side wall Surface along the edge of the top Surface of the mesa 
portion of the ZrO2 film and the Al-O film to towards the top 
of the mesa portion. Consequently, it becomes possible to 
manufacture a semiconductor light-emitting device with 
minimized stress concentration that occurs between the ZrO. 
film and the Al-O film and the top surface of the mesa 
portion. In addition, in the event that a mask layer with a low 
etching rate is formed by sputtering or plasma enhanced 
chemical vapor deposition, it is possible to allow the mask 
layer with the higher etching rate to have effects to alleviate 
plasma damage to the p-type semiconductor layer. 

In addition, a semiconductor light-emitting device accord 
ing to a preferred embodiment of the present invention is a 
semiconductor light-emitting device composed of a Group 
III nitride-based compound semiconductor expressed by Al 
Ga, In-N (where,0sxs1:0sys1:0sx+ys 1) and has a 
Substrate, an n-type semiconductor layer arranged on the 
Substrate, an active layer arranged on the n-type semiconduc 
tor layer, a p-type semiconductor layer arranged on the active 
layer and having a mesa portion formed so as to protrude 
above the active layer, a ZrO film that covers the mesa por 
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tion from the inner side along the edge of the top Surface to the 
side Surface of the mesaportion so as to expose the top Surface 
of the mesa portion, an Al-O film that covers the ZrO film so 
to expose the top surface of the mesa portion, and an electrode 
layer that covers the mesa portion from above the ZrO2 film 
and the Al-O film and electrically connects to the p-type 
semiconductor layer. 
By covering the mesa portion with the ZrO2 film and the 

Al-O film from the inner side along the edge of the top 
Surface to the side Surface of the mesa portion so as to expose 
the top surface of the mesa portion, it is possible to minimize 
an electric field concentration at the edge portion of the mesa 
portion on the p-type semiconductor layer by the current from 
the electrode layer and improve the Voltage resistance. Con 
sequently, the semiconductor light-emitting device according 
to preferred embodiments of the present invention can pro 
vide a high output. Furthermore, by forming an insulation 
film having two layers including a lower ZrO2 film and an 
upper Al-O film, the semiconductor light-emitting device 
according to the present preferred embodiment has the adhe 
sion between the p-type electrode layer and the insulation 
layer improved by the upper-layer Al-O film, and by achiev 
ing consistency between the refraction index of the ZrO2 film 
and the refraction index of the p-type semiconductor layer by 
the lower-layer ZrO film, locked-in effects of light can be 
alleviated. As a result, a semiconductor light-emitting device 
having a stabilized kink level can be manufactured. 

In addition, in the semiconductor light-emitting device, it 
is preferable that the inner side wall surface along the edge of 
the top surface of the mesa portion of the ZrO2 film and the 
Al-O film is angled towards the top of the mesa portion. 
By angling the inner side wall Surface along the top Surface 

of the mesa portion of the ZrO film and the Al-O film 
towards the top of the mesa portion, a smooth curve is 
achieved from the top surface of the mesa portion to the wall 
Surface and no stress concentration due to a difference of 
thermal expansion ratios occurs between the ZrO film and 
the Al-O film. Consequently, the semiconductor light-emit 
ting device according to the present preferred embodiment 
has a long service life. 

In addition, in the semiconductor light-emitting device, it 
is preferable that the wall surface is formed in a two-step 
tiered structure. 

By making the inner side wall Surface along the top Surface 
of the mesa portion of the ZrO film and the Al-O film, the 
thickness of the mesa portion of the ZrO film and the Al-O 
film between the edge portion of the mesa portion and the 
electrode layer can be increased. Consequently, Sufficient 
insulation between the electrode layer and the edge portion of 
the mesa portion by the ZrO film and the Al-O film is 
achieved and minimizing effects of electric field concentra 
tion at the edge portion of the mesa portion on the p-type 
semiconductor layer can be increased. 

Furthermore, in the semiconductor light-emitting device, it 
is preferable that the width from the edge of the top surface of 
the mesaportion where the ZrO film and the Al-O film come 
in contact with the top surface of the mesa portion is from 
about 0 to about 0.5um. 
By setting the width from the edge of the top surface of the 

mesa portion at the connections between the ZrO film and 
the Al-O film and the top surface of the mesa portion from 
about 0 to about 0.5 um, minimizing effects of the electric 
field concentration at the edge portion of the mesa portion on 
the p-type semiconductor layer can be increased while a 
sufficient amount of current from the p-type electrode layer to 
the p-type semiconductor layer is achieved. 
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6 
The preferred embodiments of the present invention can 

provide a semiconductor light-emitting device which can 
minimize the electric field concentration by the current from 
the p-type electrode layer on the edge portion of the mesa 
portion on the p-type semiconductor layer and improve the 
Voltage resistance, and at the same time, achieve good adhe 
sion between the insulation layer and the p-type electrode 
layer and stabilize the kink level. Furthermore, preferred 
embodiments of the present invention can provide a method 
for manufacturing a semiconductor light-emitting device 
which can minimize the electric field concentration by the 
current from the p-type electrode layer on the edge portion of 
the mesa portion on the p-type semiconductor layer and 
improves Voltage resistance, and at the same time, which 
achieves good adhesion between the insulation layer and the 
p-type electrode layer and stabilizes the kink level, as well as 
a method for manufacturing a semiconductor light-emitting 
device which can improve the lift-off yield for the p-type 
semiconductor layer. 

Other features, elements, steps, characteristics and advan 
tages of the present invention will become more apparent 
from the following detailed description of preferred embodi 
ments of the present invention with reference to the attached 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1A to 1D are schematic representations that show a 
portion of the process up to forming a p-type electrode layer 
and an n-type electrode layer in the method for manufacturing 
a semiconductor light-emitting device according to a first 
preferred embodiment of the present invention. 

FIGS. 2A to 2D are schematic representations that show a 
portion of the process up to forming a p-type electrode layer 
and an n-type electrode layer in the method for manufacturing 
the semiconductor light-emitting device according to the first 
preferred embodiment of the present invention. 

FIGS. 3A and 3B are schematic block diagrams of a semi 
conductor light-emitting device according to another pre 
ferred embodiment of the present invention. 

FIGS. 4A and 4B are schematic block diagrams of a semi 
conductor light-emitting device according to another pre 
ferred embodiment of the present invention. 

FIG. 5 is an enlarged schematic sectional view of the mesa 
portion of the semiconductor light-emitting device according 
to another preferred embodiment of the present invention. 

FIG. 6 is an enlarged schematic sectional view of the mesa 
portion of the semiconductor light-emitting device according 
to another preferred embodiment of the present invention. 

FIG. 7 is a schematic block diagram of a semiconductor 
light-emitting device obtained by a conventional manufactur 
ing method. 

FIGS. 8A to 8D are schematic representations that show a 
portion of the process to obtain a semiconductor light-emit 
ting device by the method for manufacturing a semiconductor 
light-emitting device according to a second preferred 
embodiment of the present invention. 

FIGS. 9A to 9D are schematic representations that show a 
portion of the process to obtain a semiconductor light-emit 
ting device by the method for manufacturing a semiconductor 
light-emitting device according to the second preferred 
embodiment of the present invention. 

FIGS. 10A to 10D are schematic representations that show 
a portion of the process to obtain a semiconductor light 
emitting device by the method for manufacturing a semicon 
ductor light-emitting device according to the second pre 
ferred embodiment. 
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FIGS. 11A to 11D are schematic representations that show 
a portion of the process to obtain a semiconductor light 
emitting device by the method for manufacturing a semicon 
ductor light-emitting device according to the second pre 
ferred embodiment of the present invention. 

FIGS. 12A and 12B are schematic representations that 
show a portion of the process to obtain a semiconductor 
light-emitting device in the method for manufacturing a semi 
conductor light-emitting device according to another pre 
ferred embodiment of the present invention. 

FIG. 13 is a diagram that shows the potential of each layer 
of the semiconductor light-emitting device. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

Referring to the drawings, preferred embodiments of the 
present invention will be described in detail as follows. It is 
noted that the present invention is not to be limited to the 
preferred embodiments described below. 

First Preferred Embodiment 

First, explanation will be made of the method for manu 
facturing a semiconductor light-emitting device according to 
the present preferredembodiment. FIGS. 1A to 1D and FIGS. 
2A to 2D are schematic representations that show processes 
before forming the p-type electrode layer and the n-type 
electrode on a Group-III nitride-based compound semicon 
ductor wafer expressed as AlGa, In, N (where, 0sxs 1: 
0sys1:0sx+ys 1). FIGS. 1A to 1D and FIGS. 2A to 2D 
indicate schematic cross-sectional views of a semiconductor 
light-emitting device in each process. It is noted that, in each 
figure, only a portion that requires the explanation of the 
method for manufacturing a semiconductor light-emitting 
device is described. 

Mask Layer Forming Process 
In the manufacturing method of a semiconductor light 

emitting device according to the present preferred embodi 
ment, a semiconductor light-emitting device of a Group-III 
nitride-based compound semiconductor expressed as Al 
Ga, In-N (where, 0sxs1:0sys1:0sx+ys 1) is manu 
factured. First of all, as shown in FIG. 1A, on ap-GaN contact 
layer 16 of an n-type semiconductor layer (n-GaN contact 
layer 11, n-AlGaN clad layer 12 and n-GaN guide layer 13), 
an active layer (InGaN/GaN active layer 14) and a p-type 
semiconductor layer (p-A1GaN electronic block layer 24, 
p-GaN guide layer 25, p-AlGaN clad layer 15, and p-GaN 
contact layer 16) are sequentially arranged on the Substrate 
10, two layers of a mask layer (first mask layer 20 and second 
mask layer 21) are formed in the order of the higher etching 
rate closer to the p-GaN contact layer 16. The substrate 10 
may be, for example, a Sapphire Substrate or a GaN Substrate. 

In this way, by forming the two-layer mask layer including 
first mask layer 20 and second mask layer 21 wherein the first 
mask layer 20 closer to the p-GaN contact layer 16 has a 
higher etching rate, it becomes possible to form a groove on 
the relevant side surface by selectively etching the side sur 
face of the first mask layer 20 with a higher etching rate in the 
side etching process discussed below. 

In this event, it is preferable that the ratio of the etching rate 
of the first mask layer 20 with a higher etching rate to the 
second mask layer 21 with a lower etching rate is 5 or more. 
It is more preferable to set the etching rate ratio to 10 or more. 
By setting the etching rate ratio to 5 or more, in the side 
etching process discussed below, the etching rate of the sec 
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8 
ond mask layer 21 with a lower etching rate can be decreased 
to an extremely small amount and the depth of the groove 
portion can be adjusted. Consequently, in the ZrO2 film form 
ing process and Al-O film forming process discussed below, 
sufficient entry rates of the ZrO film and the Al-O film can 
beachieved and the effects of minimizing the concentration 
of an electric field at the edge portion of the mesa portion on 
the p-type semiconductor layer can be increased. 

In addition, of the two mask layers, the first mask layer 20 
with the higher etching rate is made of an oxide or nitride 
formed by spin-coating, heat-hardening, ultraviolet-curing 
after spin-coating, or laser ablation; and the second mask 
layer 21 with the lower etching rate is made of an oxide or 
nitride formed by sputtering or plasma enhanced chemical 
vapor deposition. The first mask layer 20 and the second mask 
layer 21 may include any of the combinations chosen from an 
SiO layer formed by spin-coating, heat-hardening, or ultra 
violet-curing after spin-coating, and an SiO layer formed by 
sputtering; an SiO layer formed by spin-coating, heat-hard 
ening, or ultraviolet-curing after spin-coating, and an SiO, 
layer formed by plasma enhanced chemical vapor deposition; 
an SiO layer formed by spin-coating, heat-hardening, or 
ultraviolet-curing after spin-coating, and an SiN layer formed 
by Sputtering; an SiO2 layer formed by spin-coating, heat 
hardening, or ultraviolet-curing after spin-coating, and an 
SiN layer formed by plasma enhanced chemical vapor depo 
sition; an SiO layer formed by spin-coating, heat-hardening, 
ultraviolet-curing after spin-coating, and a ZrO layer formed 
by Sputtering; a ZnO layer formed by laser ablation, and an 
SiO layer formed by sputtering; a ZnO layer formed by laser 
ablation, and an SiO2 layer formed by plasma enhanced 
chemical vapor deposition; a ZnO layer formed by laserabla 
tion, and an SiN layer formed by sputtering; a ZnO layer 
formed by laser ablation, and an SiN layer formed by plasma 
enhanced chemical vapor deposition; or a ZnO layer formed 
by laser ablation, and a ZrO layer formed by sputtering. 
By choosing any of the foregoing for the combination of 

the first mask layer 20 and the second mask layer 21, a 
sufficient difference can be achieved between the etching 
rates, and the etching rate of the second mask layer 21 with the 
lower etching rate in the side etching process discussed below 
can be decreased to an extremely small amount. Conse 
quently, in the side etching process, the depth of the groove 
portion can be adjusted. Consequently, in the ZrO2 film form 
ing process and Al-O film forming process, Sufficient entry 
rates of the ZrO film and the Al-O film can be achieved and 
a semiconductor light-emitting device having minimal effects 
of the concentration of an electric field at the edge portion of 
the mesa portion on the p-type semiconductor layer can be 
manufactured. 

Herein, 'spin-coating” means a coating method to disperse 
a specified solution to the whole substrate by rotating a sub 
strate after the specified solution is applied to the substrate. 
The SiO layer formed by spin-coating is a SOG (Spin On 
Glass) layer, and as a specified solution, a silanol compound 
Solution is applied, for example. After spin-coating, the layer 
is formed by letting the Substrate stand at room temperature 
and letting it dry naturally or by heat-treating. 

In the present preferred embodiment, as the first mask layer 
20, the SiO, layer may beformed by a sol-gel process and as 
the second mask layer 21, the SiO layer may be formed by 
sputtering. A “sol-gel process is a process to obtain an oxide 
by heating a gel composed of metal alkoxide from which 
fluidity of the sol is lost by hydrolysis or polycondensation 
reaction. Because the Sol-gel process makes bonding between 
atoms more disperse as compared to Sputtering, a sufficient 
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ratio of etching rates of the first mask layer 20 to the second 
mask layer 21 can be achieved. 

In addition, it is preferable to allow the first mask layer 20 
with the higher etching rate to have a layer thickness H1 from 
about 10 nm to about 500 nm. By making the layer thickness 
H1 of the mask layer 20 from about 10 nm to about 500 nm, 
it is possible to angle the inner side wall Surface along the 
edge of the top surface of the mesa portion of the Al-O film, 
which is an insulation film formed on the mesa portion in the 
ZrO2 film forming process and Al-O film forming process 
discussed below, upwards. Consequently, it becomes possible 
to manufacture a semiconductor light-emitting device with a 
minimized stress concentration between the ZrO2 film and the 
Al-O film and the top surface of the mesa portion. In addi 
tion, in the event that the second mask layer 21 is formed by 
sputtering or plasma enhanced chemical vapor deposition as 
is the case of the present preferred embodiment, it is possible 
to provide a first mask layer 20 that minimizes plasma dam 
age to the p-GaN contact layer 16. 
Mask-Layer Etching Process 

Then, on the first mask 20 and the second mask 21 formed 
by the mask layer forming process, a resist pattern 22 is 
formed as shown in FIG. 1B. In the present preferred embodi 
ment, in order to mass-produce semiconductor light-emitting 
devices, striped resist patterns are formed. In addition, the 
stripe width is from, for example, about 1 um to about 2 um. 
And with the resist pattern 22 used as a mask, as shown in 
FIG. 1C, both layers of the first mask layer 20 and the second 
mask layer 21 are etched. Thereafter, resist pattern 22 is 
peeled from the first mask layer 20 and the second mask layer 
21. 

Semiconductor Layer Etching Process 
Next, using the resist patterns of the first mask layer 20 and 

the second mask layer 21 of the two layers formed by the 
mask layer etching process, as shown in FIG. 1D, dry-etching 
is carried out on p-GaN contact layer 16 and p-AlGaN clad 
layer 15, as well as partially on the p-GaN guide layer 25. By 
this process, mesa portion 31 which is electrically connected 
to the p-type electrode layer, formed later, is formed on the 
p-GaN contact layer 16. In the event the thickness of the 
second mask layer 21 is thin, the second mask layer 21 is 
completely removed during dry etching, and therefore, the 
thickness of the second mask layer 21 is greater than a speci 
fied value in the mask layer forming process. 
Side Etching Process 

Next, as shown in FIG. 2A, of the two layers of the mask 
layer, the side surface of the first mask layer 20 is selectively 
etched to form a groove portion 37 with a portion of the 
p-GaN contact layer 16 exposed. In this event, in the present 
preferred embodiment, buffered hydrofluoric acid which is an 
ammonium hydrogen difluoride solution is used as an 
etchant, and the mesa portion 31 shown in FIG. 1D is 
immersed in this etchant for a specified time to carry out 
wet-etching and the groove portion 37 (FIG. 2A) is formed. 
The depth L1 of this groove portion 37 is determined in 
accordance with the entry amount of the insulation film in the 
ZrO film and Al-O film forming process, discussed below. It 
is noted that in the event that a ZnO layer formed by laser 
ablation is applied as the first mask layer 20, hydrochloric 
acid is applied as the etchant to form the groove portion37. 
ZrO Film and Al-O Film Forming Process 

Then, as shown in FIG.2B, ZrO2 film 26 is formed to cover 
the p-GaN contact layer 16 with the groove portion 37 
exposed (ZrO2 film forming process). Thereafter, the Al-O 
film 27 is formed to cover the ZrO film 26 (Al-O film 
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10 
forming process). In the present preferred embodiment, the 
ZrO film 26 and Al-O film 27 are formed by sputtering, 
plasma enhanced chemical vapor deposition, or laser abla 
tion, which are previously discussed. Since using these meth 
ods causes the Surface 23 on the upper side of the groove 
portion 37 to shield against the material ZrO2 film 26 and 
Al-O film 27 which are insulation films deposited from 
above, the ZrO film 26 and Al-O film 27 enter the groove 
portion 37 as shown in FIG. 2B. Consequently, it becomes 
possible to make a gap in the ZrO film 26 and the Al-O film 
27 so as to prevent the ZrO film 26 and Al-O film 27 from 
covering the whole surface of the first and second layers 20, 
21. That is, a cut line is provided between the ZrO film 26 and 
Al-O film 27 that cover the exposed p-GaN contact layer 16 
of the groove portion 37 and the ZrO film 26 and Al-O film 
27 that cover the second mask layer 21. Consequently, in the 
event that the first mask layer 20 and the second mask layer 21 
are removed from the p-GaN contact layer 16 in the mask 
layer removal process, discussed below, it becomes possible 
to lift off the first mask layer 20 and the second mask layer 21 
at the cut line. Consequently, it is possible to increase the 
lift-off yield from the p-GaN contact layer 16. 

In addition, by allowing the insulation film ZrO2 film 26 
and Al-O film 27 into the groove portion37, the edgeportion 
32 of the mesa portion 31 formed in the previously discussed 
semiconductor layeretching process is covered with the ZrO. 
film 26 and Al-O film 27 to minimize an electric field con 
centration at the edge portion 32, and it becomes possible to 
manufacture a semiconductor light-emitting device with an 
improved Voltage resistance. Furthermore, by forming a two 
layer insulation film with the ZrO film 26 as the lower layer 
and the Al-O film 27 as the upper layer by the ZrO film 
forming process and the Al-O film forming process, adhe 
sion between the p-type electrode layer, discussed below, and 
the insulation film is improved by the upper layer Al-O film 
27, and by achieving consistency between the refraction 
index (refraction index: 2.2) of the ZrO film 26 and the 
refraction index (refraction index: 2.5) of the p-type semicon 
ductor layer 16 by the lower-layer ZrO film 26, locked-in 
effects of light can be alleviated. As a result, a semiconductor 
light-emitting device having a stabilized kink level can be 
manufactured. In addition, it becomes possible to control the 
kink level by designing the width of the mesa portion 31 
alone. 

It is preferable to form the ZrO film 26 having a thickness 
from about 10 nm to about 400 nm and the Al-O film 27 
having a thickness from about 10 nm to about 100 nm. By 
forming the ZrO film 26 and Al-O film 27 having a total film 
thickness of not less than 500 nm causes the insulation film to 
cover the groove portion37 and it is not possible to provide a 
cut line between the insulation films. 

It is noted that in the event that only the edge portion 32 is 
covered with ZrO film 26 and Al-O film 27, it is assumed 
that, for example, the side surface of the SiO film is etched in 
advance, in the conventional manufacturing method. The 
present preferred embodiment achieves remarkable effects as 
compared to the conventional technique in that the present 
preferred embodiment can simultaneously satisfy the require 
ments of covering the edge portion 32 with the ZrO film 26 
and the Al-O film 27 and of improving the liftoff yield from 
the p-GaN contact layer 16 which is the p-type semiconductor 
layer. 

Mask Layer Removal Process 
Then, the remaining first mask layer 20 and the second 

mask layer 21 are removed from the p-GaN contact layer 16 
as shown in FIG. 2C. In the present preferred embodiment, 
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the mesa portion 31 shown in FIG. 2B is immersed in the 
above-mentioned buffered hydrofluoric acid and the first 
mask layer 20 and the second mask layer 21 are removed. 
Electrode Layer Forming Process 

Next, the p-type electrode layer 18 is formed such that the 
p-type electrode layer 18 covers the entire surface of the top 
surface 30 of the p-GaN contact layer 16 exposed by the mask 
layer removal process, as shown in FIG. 2D. In this event, the 
p-type electrode layer 18 is formed by vapor-depositing only 
on the top surface 30 and the side surface of the mesa portion 
31. In addition, both the ZrO film 26 and Al-O film 27 are 
removed by dry etching to expose then-GaN contact layer 11. 
And on the top surface of then-GaN contact layer 11 exposed 
by the liftoff, an n-type electrode layer 19 is formed. A portion 
of the n-GaN contact layer 11 is partially removed and 
exposed, and on the exposed top Surface of then-GaN contact 
layer 11, the n-type electrode layer 19 is formed. Thereafter, 
the substrate 10 and all of the layers are cleaved to produce a 
semiconductor light-emitting device. The above cleavage can 
be achieved by thinning the substrate 10 by lapping in 
advance. 

It is noted that in the present preferred embodiment, the 
location space for the n-type electrode layer 19 is formed in 
the electrode layer forming process, but the location space of 
the n-type electrode layer 19 may be formed by partially 
removing the n-GaN contact layer 11 so as to be exposed by 
dry etching in FIG. 2A, before or after the side etching pro 
CCSS, 

Now, description will be made of the semiconductor light 
emitting device according to another preferred embodiment. 
The semiconductor light-emitting device according to the 
present preferred embodiment can be manufactured by the 
above-mentioned manufacturing method, or by other manu 
facturing methods. 

FIGS. 3A and 3B show schematic block diagrams of a 
semiconductor light-emitting device according to the present 
preferred embodiment. In addition, FIGS. 4A and 4B show 
schematic block diagrams of a semiconductor light-emitting 
device of another method. 
A semiconductor light-emitting device 100 according to 

the present preferred embodiment is a semiconductor light 
emitting device composed of a Group-III nitride-based com 
pound semiconductor expressed by AlGa, In, N (where, 
Osxs 1: Osys1:0sx+ys 1) and has a substrate 10; n-GaN 
contact layer 11, n-AlGaN clad layer 12, and n-GaN guide 
layer 13 as n-type semiconductor layers arranged on the Sub 
strate 10; InGaN/GaN active layer 14 as an active layer 
arranged on the n-GaN guide layer 13, p-A1GaN electronic 
block layer 24, p-GaNguide layer 25, p-AlGaN clad layer 15, 
and p-GaN contact layer 16 as p-type semiconductor layers 
with the mesa portion 31 protruding above the InGaN/GaN 
active layer 14: ZrO film 26 that covers the mesa portion 31 
from the inner side along the edge 32 of the top surface 30 to 
the side surface 35 of the mesa portion 31 so as to expose the 
top surface 30 of the mesa portion 31: AlO film 27 that 
covers the ZrO2 film 26 so as to expose the top surface 30 of 
the mesa portion 31; p-type electrode layer 18 as an electrode 
layer that covers the mesa portion 31 from above the ZrO. 
film 26 and the Al-O film 27 and electrically connects to the 
p-type semiconductor layer 16; and n-type electrode layer 19 
which electrically connects to the n-GaN contact layer 11. 
By covering the mesa portion 31 with the ZrO film 26 and 

the Al-O film 27 from the inner side along the edge 32 of the 
top surface 30 to the side surface 35 of the mesa portion 31 so 
as to expose the top surface 30 of the mesa portion 31, the 
center portion of the top surface 30 of the mesa portion 31 
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12 
serves as a contact portion between the p-type electrode layer 
18 and the p-GaN contact layer 16. Consequently, it becomes 
possible to conduct the current from the p-type electrode 
layer 18 from the center of the top surface 30 of the mesa 
portion 31 toward the p-GaN contact layer 16 as shown by the 
arrow in FIG.3B. Consequently, it is possible to minimize an 
electric field concentration at the edge portion 32 of the mesa 
portion 31 by the current from the p-type electrode layer 18 
and the Voltage resistance is improved. Consequently, the 
semiconductor light-emitting device 100 according to the 
present preferred embodiment provides a high output. Fur 
thermore, by forming an insulation film of two layers defined 
by the lower layer with the ZrO2 film 26 and the upper layer 
with the Al-O film 27, adhesion between the p-type electrode 
layer 18 and the insulation layer can be improved by the 
upper-layer Al-O film 27, and by achieving consistency 
between the refraction index of the ZrO film 26 (refraction 
index: 2.2) and the refraction index of p-GaN contact layer 16 
(refraction index: 2.5), which is the p-type semiconductor 
layer, by the lower-layer ZrO film 26, locked-in effects of 
light can be alleviated. As a result, the kink level of a semi 
conductor light-emitting device 100 can be stabilized. 

In the present preferred embodiment, as shown in FIG.3A, 
an insulation film 17 is arranged so as to cover the periphery 
of the top surface 30 of the mesa portion 31 along the edge 
portion32 of the mesaportion 31, and the top surface 30 of the 
mesa portion 31 is exposed in the form of a cavity. The 
arrangement of the ZrO film 26 and the Al-O film 27 is 
varied in accordance with the shape of the resist pattern 22 
(FIG. 1B) in the mask layer etching process. However, such 
an arrangement that the periphery of the top surface 30 of the 
mesa portion 31 is covered with the ZrO film 26 and the 
Al-O film 27, as shown in FIG. 3A, minimizes the effects of 
an electric field concentration. In addition, the ZrO2 film 26 
and the Al-O film 27 may be arranged in parallel to each 
other along both edge portions 34a and 34b of the mesa 
portion 33 as is the case of a semiconductor light-emitting 
device 101 according to another preferred embodiment 
shown in FIG. 4A. In Group-III nitride-based compound 
semiconductors, semiconductor layers are frequently formed 
on Sapphire Substrates 10. In such a case, since the n-type 
electrode layer 19 and the p-type electrode layer 18 are 
arranged in the same direction, at the edge portion 36 on the 
side parallel to the arrangement of the p-type electrode 18 and 
the n-type electrode layer 19 of the mesa portion 33, electric 
field concentration caused by the current that flows from the 
p-type electrode layer is unlikely to occur. Consequently, 
covering the edge portions 34a and 34b of the ZrO2 film 26 
and the Al-O film 27 on the side perpendicular to the arrange 
ment of the p-type electrode layer 18 and n-type electrode 
layer 19 can sufficiently minimize the electric field concen 
tration. In Such event, in the mask layer etching process, it is 
only necessary to form the resist pattern 22 (FIG. 1B) into 
stripes. 
Now, the shape of the inner wall surface 38 along the top 

surface 30 of the mesa portion 31 of the ZrO film 26 and the 
Al-O film 27 will be described in detail. In FIG. 5 and FIG. 
6, enlarged schematic sectional views of the mesa portion of 
the semiconductor light-emitting device according to the 
present preferred embodiment are shown. 

It is desirable that the inner wall surface 38 along the top 
surface 30 of the mesa portion 31 of the ZrO2 film 26 and the 
Al-O film 27 is angled so as to extend towards the top of the 
mesa portion 31 as shown in FIG. 5. By allowing the wall 
surface 38 to angle so as to extend towards the top of the mesa 
portion 31, a smooth curve can be drawn from the top surface 
30 of the mesa portion 31 to the wall surface 38 and no stress 
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concentration occurs, which is caused by the difference in the 
thermal expansion rate between the ZrO film 26 and the 
Al-O film 27 and the top surface 30 of the mesa portion 31. 
Consequently, the semiconductor light-emitting device 100 
can achieve a longer life. 

Furthermore, it is preferable that the wall surface 38 should 
have a ratio of 3 or less of the width L2 from the edge portion 
32 of the ZrO film 26 and the Al-O film 27 to the height H2 
of the ZrO film 26 and the Al-O film 27 (that is, the value of 
H2/L2) in order to minimize stress concentration. A specified 
gradient angle of the wall surface 38 can be obtained by 
adjusting the layer thickness H1 of the first mask layer 20 
formed in the mask layer forming process (FIG. 1A and FIG. 
2A) and the depth L1 of the groove portion 37 formed in the 
side etching process (FIG. 2A). It is noted that the layer 
thickness H1 (FIG. 1A and FIG. 2A) of the first mask layer 20 
in the mask layer forming process should be from about 10 
nm to about 500 nm. In addition, the depth L1 (FIG. 2A) of the 
groove portion37 in the side etching process is determined by 
adjusting the etching time so that the ratio of the layer thick 
ness H1 of the first mask layer 20 to the depth L1 of the groove 
portion 37 is 3 or less to match with the layer thickness H1 of 
the first mask layer 20. In such a case, a groove portion 37 of 
0.2 um deep can be formed from a layer thickness of the first 
mask layer from about 20 nm to about 100 nm and a layer 
thickness of the second mask layer 21 of about 200 nm, and 
carrying out wet-etching by immersing the mesa portion 31 
for 60 seconds in a buffered hydrofluoric acid of 10% con 
centration, which is an etchant. 

In addition, the wall surface 38 is preferably formed in a 
two-step tiered structure as is the case of another preferred 
embodiment shown in FIG. 6. By forming the wall surface 38 
in a two-step tiered structure, the thickness H3 of the ZrO. 
film 26 and the Al-O film 27 between the edge portion 32 of 
the mesa portion 31 and the p-type electrode layer 18 can be 
increased. Consequently, Sufficient insulation can be 
obtained between the p-type electrode layer 18 and the edge 
portion of the mesa portion 31 by the ZrO2 film 26 and the 
Al-O film 27, and an electric field concentration of the mesa 
portion 31 at the edge portion 32 can be minimized. A speci 
fied wall surface 38 of the two-step tiered structure can be 
obtained by adjusting the wall surface 38 by the layer thick 
ness H1 (FIG. 1A and FIG. 2A) of the first mask layer formed 
in the mask layer forming process and the depth L1 (FIG. 2A) 
of the groove portion formed in the side etching process. It is 
noted that in the event that the wall surface 38 in a two-step 
tiered structure is obtained, the layer thickness H1 (FIG. 1A 
and FIG. 2A) of the first mask layer 20 in the mask layer 
forming process is preferably greater than, for example, about 
100 nm. 

Furthermore, it is preferable that the ZrO2 film 26 and the 
Al-O film 27 have a width L2 (FIG.3 through FIG. 6) from 
about 0 to about 0.5 um from the edge portion 32 of the 
contact portion between the ZrO film 26 and the Al-O film 
27 and the top surface 30 of the mesa portion 31. By obtaining 
the width from the edgeportion32 of the ZrO film 26 and the 
Al-O film 27 from about 0 to about 0.5um, it is possible to 
increase the effects of minimizing the electric field concen 
tration at the edge portion 32 of the mesa portion 31 on the 
p-GaN contact layer 16 while a sufficient amount of current 
from the p-type electrode layer 18 to the p-GaN contact layer 
16 is maintained. 

With the foregoing description, because it becomes pos 
sible to provide a cut line in the ZrO film 26 and Al-O film 
27 by forming a groove portion and forming the ZrO film 26 
and Al-O film 27 so as to enter the groove portion in the 
manufacturing method of the semiconductor light-emitting 
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14 
device 100 according to the present preferred embodiment, it 
is possible to increase the liftoff yield of the p-GaN contact 
layer 16. In addition, it is possible to manufacture the semi 
conductor light-emitting device with the edge portion 32 of 
the mesa portion 31 on the p-GaN contact layer 16 with the 
insulation film 17. Furthermore, depending on the layer thick 
ness H1 (FIG. 1A) of the first mask layer 20 in the mask layer 
forming process, the inner wall Surface 38 along the top 
surface 30 of the mesa portion 31 of the insulation film 17 
may be angled to extend towards the top of the mesa portion 
31. 
On the other hand, the semiconductor light-emitting device 

100 with the edge portion 32 of the mesa portion 31 on the 
p-GaN contact layer 16 covered with the ZrO film 26 and 
Al-O film 27 has improved voltage resistance because the 
electric field concentration by the current from the p-type 
electrode layer 18 at the edge portion 32 of the mesa portion 
31 is minimized. Consequently, high output can be achieved. 
Furthermore, angling the inner wall surface 38 along the top 
surface 30 of the mesa portion 31 of the ZrO2 film 26 and 
Al-O film 27 so as to extend towards the top of the mesa 
portion 31 prevents stress concentration from occurring 
because of a difference of thermal expansion ratios between 
the ZrO film 26 and Al-O film 27 and the top surface 30 of 
the mesa portion 31, thus providing long life to the semicon 
ductor light-emitting device 100. 

Second Preferred Embodiment 

Next, discussion will be made of another preferred 
embodiment of the method of manufacturing a semiconduc 
tor light-emitting device. FIG. 8A through FIG. 11D are 
schematic representations showing processes to form a 
p-type electrode layer and an n-type electrode layer on a 
wafer of a Group-III nitride-based compound semiconductor 
expressed as AlGa, In, N (where,0sxs1:0sys1:0sx+ 
ys 1), and to complete a semiconductor light-emitting 
device. In addition, FIGS. 12A and 12B are schematic repre 
sentations of a manufacturing process of a semiconductor 
light-emitting device according to another preferred embodi 
ment. FIG. 8A through FIG. 11D show schematic sectional 
views of the semiconductor light-emitting device in each 
process. In addition, in FIGS. 12A through 12B show sche 
matic sectional views of the semiconductor light-emitting 
device in each process. It is noted that in FIG. 8A through 
FIG. 12B, only a single-unit semiconductor light-emitting 
device is described, but this can be extended and applied to the 
method for manufacturing a plurality of semiconductor light 
emitting devices, as is the case of the first preferred embodi 
ment. 

Wafer Forming Process 
In the method for manufacturing a semiconductor light 

emitting device according to the present preferred embodi 
ment, a semiconductor light-emitting device of Group-III 
nitride-based compound semiconductor expressed as Al 
Ga, In, N (where,0sxs1:0sys1: OsK+ys 1) is manu 
factured. First of all, as shown in FIG. 8A, a wafer 200 is 
obtained by forming n-type semiconductor layers (n-GaN 
buffer layer 61, n-AlGaN clad layer 62, and n-GaN guide 
layer 63); active layers (InGaN superlattice layer 64 and 
InGaN multiquantum well light-emitting layer 65); and 
p-type semiconductor layers (p-A1GaN electronic blocklayer 
66, p-GaN guide layer 67, p-AlGaN clad layer 68, and p-GaN 
contact layer 69) arranged sequentially on a GaN substrate 
60. 

Conduction type, compositional formula, composition 
ratio, and layer thickness of each layer of wafer 200 of the 
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Group-III nitride-based compound semiconductor shown in 
FIG. 8A are described below. It is noted that the following 
explanation is only one example of the configuration of wafer 
2OO. 

In the present preferred embodiment, n-GaN buffer layer 
61 and n-GaN guide layer 63 are layers expressed by the 
compositional formula GaN and the relevant layer thick 
nesses are, for example, about 4000 nm and about 100 nm, 
respectively. In addition, the n-AlGaN clad layer 62 is, for 
example, about 1200 nm thick and expressed by the compo 
sitional formula AlGaN (x: 8%). 

In addition, the InGaN superlattice layer 64 which is a 
portion of the active layer is made into an n-type /2 nm thick 
layer, for example, and expressed by the compositional for 
mula InGaN/GaN (x: 2/0%). Furthermore, the InGaN 
multiquantum well light-emitting layer 65 is formed by alter 
nately laying an n-type 9 nm thick layer, for example, and 
expressed by the compositional formula GaN over an intrin 
sic 3 nm thick layer, for example, and expressed by the com 
positional formula InGaN (x: 7%), respectively, from the 
GaN substrate 60 side. The total of each of the layers is 
preferably four layers and three layers, respectively. 

In addition, the p-AlGaN electronic block layer 66 is 
formed by laying a 10 nm thick layer, for example, and 
expressed by the compositional formula A1GaN (x: 23%) 
over a p-type 15 nm thick layer, for example, and expressed 
by the compositional formula A1GaN (x: 23%), respec 
tively. 

In addition, the p-GaN guide layer 67 is formed into a 100 
nm thick layer, for example, and expressed by the composi 
tional formula GaN. It is noted that this layer may be intrinsic. 

Furthermore, the p-AlGaN clad layer 68 is formed into a 
400 nm thick layer, for example, and expressed by the com 
positional formula A1GaN (x: 8%) and the p-GaN contact 
layer 69 is formed into a 100 nm thick layer, for example, and 
expressed by the compositional formula GaN. 
Mask Layer Forming Process 

Next, on a wafer 200 shown in FIG. 8A, two layers of a 
mask layer (first mask layer 70 and second mask layer 71) are 
formed in the order of higher etching rate from the side closer 
to the p-GaN contact layer 69 as shown in FIG. 8B. 

In this way, by forming a first mask layer 70 and a second 
mask layer 71 wherein the first mask layer 70 closer to the 
p-GaN contact layer 69 has a higher etching rate, the side 
surface of the first mask layer 70 with the higher etching rate 
is selectively etched in the side etching process, discussed 
below, and agroove portion can beformed on the relevant side 
Surface. 

In such event, as described in the first preferred embodi 
ment, the ratio of the etching rate of the first mask layer 70 
with the higher etching rate to the etching rating rate of the 
second mask layer 71 with the lower etching rate is preferably 
5 or more. It is more preferable that the ratio of the etching 
rates is 10 or more. 

In addition, as described in the first preferred embodiment, 
the first mask layer 70 and the second mask layer 71 may be 
of any of the combinations chosen from an SiO layer formed 
by spin-coating, heat-hardening, or ultraviolet-curing after 
spin-coating, and an SiO2 layerformed by Sputtering; an SiO, 
layer formed by spin-coating, heat-hardening, or ultraviolet 
curing after spin-coating, and an SiO2 layerformed by plasma 
enhanced chemical vapor deposition; an SiO layer formed 
by spin-coating, heat-hardening, or ultraviolet-curing after 
spin-coating, and an SiN layer formed by Sputtering; an SiO, 
layer formed by spin-coating, heat-hardening, or ultraviolet 
curing after spin-coating, and an SiN layer formed by plasma 
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16 
enhanced chemical vapor deposition; an SiO2 layer formed 
by spin-coating, heat-hardening, or ultraviolet-curing after 
spin-coating, and a ZrO2 layer formed by Sputtering; a ZnO 
layer formed by laser ablation, and an SiO layer formed by 
sputtering; a ZnO layer formed by laserablation, and an SiO, 
layer formed by plasma enhanced chemical vapor deposition; 
aZnO layer formed by laserablation, and an SiN layerformed 
by Sputtering; a ZnO layer formed by laser ablation, and an 
SiN layer formed by plasma enhanced chemical vapor depo 
sition; or a ZnO layer formed by laser ablation, and a ZrO. 
layer formed by sputtering. 

In addition, as described with respect to the first mask layer 
70 with the higher etching rate, it is preferable to have the 
layer thickness be from about 10 nm to about 500 nm. 
Mask-Layer Etching Process 

Then, on the first mask 70 and the second mask 71 formed 
by the mask layer forming process, a specified resist pattern 
72 is formed as shown in FIG. 8C. And with the resist pattern 
72 used as a mask, as shown in FIG.8D, both layers of the first 
mask layer 70 and the second mask layer 71 are etched. 
Thereafter, resist pattern 72 is peeled from the first mask layer 
70 and the second mask layer 71 of the two layers (FIG.9A). 
Semiconductor Layer Etching Process 

Next, using resist patterns of the first mask layer 70 and the 
second mask layer 71 of the two layers formed by the mask 
layer etching process, as shown in FIG. 9B, dry-etching is 
carried out on p-GaN contact layer 69 and p-AlGaN clad layer 
68, as well as partially on the p-GaN guide layer 67. In the 
event that the layer thickness of the second mask layer 71 is 
thin, the second mask layer 71 is completely removed during 
dry etching, and therefore, the layer thickness of the second 
mask layer 71 is greater than a specified value in the mask 
layer forming process. By this process, a mesa portion 80 to 
be electrically connected to the p-type electrode layer formed 
later is formed on the p-GaN contact layer 69. 
Side Etching Process 

Next, as shown in FIG. 9C, of the two layers of the mask 
layer, the side surface of the first mask layer 70 is selectively 
etched to form a groove portion 81 with part of the p-GaN 
contact layer 69 exposed. In this event, in the present pre 
ferred embodiment, buffered hydrofluoric acid is used as an 
etchant, and the mesa portion 80 shown in FIG. 8C is 
immersed in this etchant for a specified time to carry out 
wet-etching to form the groove portion 81. The depth of the 
groove portion 81 is determined in accordance with the entry 
amount of the insulation film formed in the insulation film 
forming process discussed below. 
ZrO Film and Al-O Film Forming Process 

Then, ZrO film 83 is formed to cover the exposed p-GaN 
contact layer 69 of the groove portion 81 formed by the side 
etching process (FIG. 9D). Thereafter, the Al-O film 84 is 
formed to cover the ZrO, film 83 (FIG. 9D). In the present 
preferred embodiment, the ZrO film 83 and Al-O film 84 are 
formed by Sputtering, plasma enhanced chemical vapor depo 
sition, or laser ablation, which are previously discussed. By 
these processes, as shown in FIG. 9D, the ZrO2 film 83 and 
Al-O film 84 are formed to enter the groove portion 81 as 
shown in FIG.9C. Consequently, it becomes possible to make 
a gap between the insulation films so as to prevent the insu 
lation films ZrO film.83 and Al-O film 84 from covering the 
entire surface of the first mask layer 70 and the second mask 
layer 71. That is, a cut line is provided between the ZrO2 film 
83 and Al-O film 84 that cover the exposed p-GaN contact 
layer 69 of the groove portion 81 and the ZrO film 83 and 
Al-O film 84 that cover the second mask layer 71. Conse 
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quently, in the event that the first mask layer 70 and the second 
mask layer 71 are removed from the p-GaN contact layer 69 
in the mask layer removal process discussed below, it 
becomes possible to lift off the first mask layer 70 and the 
second mask layer 71 at the cut line. Consequently, it is 
possible to increase the liftoff yield of the p-GaN contact 
layer 69. In addition, by allowing the ZrO film 83 and Al-O, 
film 84 into the groove portion 81, the edge portion 82 of the 
mesa portion 80 formed in the previously discussed semicon 
ductor layer etching process is covered with the ZrO film 83 
and Al-O film 84 to minimize an electric field concentration 
at the edge portion 82, and it becomes possible to manufac 
ture a semiconductor light-emitting device with an improved 
Voltage resistance. Furthermore, by forming the two-layer 
insulation film with the ZrO film.83 as the lower layer and the 
Al-O film 84 as the upper layer by the ZrO film forming 
process and the Al-O film forming process, adhesion 
between the p-type electrode layer discussed below and the 
insulation film is improved by the upper layer Al-O film 84, 
and by achieving consistency between the refraction index 
(refraction index: 2.2) of the ZrO film 83 and the refraction 
index (refraction index: 2.5) of the p-type semiconductor 
layer 69 by the lower-layer ZrO film 83, locked-in effects of 
light can be alleviated. As a result, a semiconductor light 
emitting device having a stabilized kink level can be manu 
factured. 

It is desirable to form the ZrO film 83 to have a thickness 
from about 10 nm to about 400 nm and the Al-O film 84 to 
have a thickness from about 10 nm to about 100 nm. By 
forming the ZrO film 83 and Al-O film 84 having a total film 
thickness not less than 500 nm causes the insulation film to 
cover the groove portion 37 and it is unable to provide a cut 
line between the insulation films. 

Mask Layer Removal Process 
Then, as described in the first preferred embodiment, by 

immersing the mesa portion 80 shown in FIG. 9D in, for 
example, a buffered hydrofluoric acid, the remaining first 
mask layer 70 and the second mask layer 71 are lifted off from 
the p-GaN contact layer 69. 
Electrode Layer Forming Process 

Next, the p-type electrode layer 74 is formed such that the 
p-type electrode layer 74 covers the entire surface of the 
p-GaN contact layer 69 exposed by the mask layer removal 
process, as shown in FIG. 12A. 

Next, as shown in FIG. 10B, the photoresist 75 is formed 
such that it covers the p-type electrode layer 74 on the mesa 
portion 80, and with the photoresist 75 used as a mask, the 
semiconductor layer is dry-etched down to the n-GaN buffer 
layer 61 together with p-type electrode layer 74 and ZrO film 
83 and Al-O film 84. Then, the photoresist 75 is peeled from 
the p-type electrode layer 74 (FIG. 10D). 

Then, with the portion on which the n-type electrode layer 
is formed later, the photoresist 76 is formed to cover the 
portion from the n-GaN buffer layer 61 and n-AlGaN clad 
layer 62 to the p-type electrode layer 74 (FIG. 11A). And with 
the photoresist 76 used as a mask, the n-GaN buffer layer 61 
is dry-etched (FIG. 11B). Thereafter, at the etched portion of 
the n-GaN buffer layer 61, the n-type electrode layer 77 is 
formed (FIG. 11C) and the photoresist 76 is peeled off to 
obtain a semiconductor light-emitting device 102, as shown 
in FIG. 11 D. 
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In addition, after forming the p-type electrode layer 74 as 

shown in FIG. 10A, the GaN substrate 60 is thinned by 
lapping as shown in FIG. 12A, the n-type electrode layer 78 is 
formed on the rear surface of the GaN substrate 60, as shown 
in FIG. 12B, and a semiconductor light-emitting device 103 is 
obtained. It is noted that since in such event, as shown in FIG. 
12A, the mesa portion 80 is located approximately at the 
center of the semiconductor light-emitting device, in FIG.8C, 
the resist pattern 72 is formed nearly at the center of the wafer 
2OO. 

FIG. 13 shows the potential of each layer of the semicon 
ductor light-emitting device 102 shown in FIG. 11D. By the 
potential shown in FIG. 13, relative potential of each layer is 
shown. 
The semiconductor light-emitting device according to the 

preferred embodiments of the present invention can be used 
as laser diodes for a lighting device, a communication device, 
a sensor device, a display device, or any other Suitable device. 

While preferred embodiments of the present invention 
have been described above, it is to be understood that varia 
tions and modifications will be apparent to those skilled in the 
art without departing the scope and spirit of the present inven 
tion. The scope of the present invention, therefore, is to be 
determined solely by the following claims. 
What is claimed is: 
1. A semiconductor light-emitting device comprising: 
a Group-III nitride-based compound semiconductor 

expressed by AlGa, In, N (where,0sxs1:0sys1: 
0sX+ys 1) and including a substrate, an n-type semi 
conductor layer arranged on the Substrate, an active 
layer arranged on the n-type semiconductor layer, and a 
p-type semiconductor layer arranged on the active layer; 

a mesa portion protruding above the active layer, 
a ZrO2 film arranged to cover the mesa portion from an 

inner side along an edge of a top surface to a side Surface 
of the mesa portion so as to expose the top surface of the 
mesa portion; 

an Al-O film arranged to cover the ZrO2 film so as to 
expose the top Surface of the mesa portion; and 

an electrode layer arranged to cover the mesa portion from 
above the ZrO film and the Al-O film and electrically 
connected to the p-type semiconductor layer, wherein 

neither of the ZrO film and the Al-O film cover a side 
surface of the active layer below the mesa portion. 

2. The semiconductor light-emitting device according to 
claim 1, wherein a wall Surface along the edge of the top 
surface of the mesa portion of the ZrO2 film and the Al-O 
film is angled towards the top Surface of the mesa portion. 

3. The semiconductor light-emitting device according to 
claim 1, wherein the wall surface includes a two-step tiered 
Structure. 

4. The semiconductor light-emitting device according to 
claim 1, wherein a width from the edge of the top surface of 
the mesa portion where the ZrO film and the Al-O film come 
in contact with the top surface of the mesa portion is from 
about 0 to about 0.5um. 

5. The semiconductor light-emitting device according to 
claim 1, wherein the Al-O film completely covers a top 
surface of the ZrO film. 
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